INTRODUCTION

Sufficient information
for the theoretical calculation of structural response consists of the dsmamic characteristics of the structure and the appropriate description of the excitation. The structure is characterized by its normal modes and frequencies and the excitation is specified by an appropriate function of the spatial and time variables, which we refer to as the input function. With this information at hand, one can calculate the response of a given structure to a given pressure field utilizing any of the classical methods of analysis. The undesirable feature of the above procedure is that, given a structure, the entire response calculation has to be repeated anew every time the input function is changed (depending on the loading conditions) and, conversely, given an input h•nction, the response has to be recalculated every time the structural configuration and/or boundary conditions are altered. This aspect of response calculations, coupled with uncertainties in the proper mathematical definition of pressure fields, presents formidable difficulties, for the calculations involved are, in general, lengthy and cumbersome. One would like, therefore, to have available response solutions that are applicable to a variety of input functions and structural configurations; that is, one would like to formulate the response problem of linear structures in a manner that affords a measure of generality. In order to introduce such generality, one is led to consider the mathematical classification of pressure fields according to some general property that may be shared by a variety of input functions.
• This paper presents a methodology for classifying pressure fields. The classification scheme is based on the analytic properties of the wavenumber and frequency spectrum of the input function. Since a host of functions of space and time have Fourier transforms of similar analyticity, spectral space provides a particularly convenient language for the grouping of input functions into classes. In this paper, we consider the class of input functions whose k and co spectrum has any number of poles of any order, i.e., input functions whose Fourier transforms are meromorphic functions of k and co. This class is by far the most important to consider, for it adequately describes most physically realizable pressure fields one encounters in applications.
The analyticity of the input-function spectrum is a property that, on the one hand, is sufficiently general to allow the classification of the pressure fields, and, on the other, is sufficiently specific to make possible the calculation of the response. In the Sections that follow, we calculate the response of uniform finite beams and plates to deterministic excitation that is describable by input functions of the foregoing class. The cases of convecting/nonconvecting random pressure fields, as well as the response of cylindrical shells to either deterministic or random fields, are considered in sub- and 1//n (r)•n* (r') G(r, r'; t--t')=Y'.
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Note that gn (t--t') is form invariant with respect to the structural characteristics•i.e., with respect to the operator oer.
Assuming that initially the displacement and velocity are zero and taking advantage of the Hermitian property of oer, one can easily show that Eq. 1 admits where the spatial integration is over the extent of the structure. We now wish to transform the integrations in Eq. 5 to the wavenumber and frequency variables, allowing for the possibility of truncation in p(r,t). Let p(r,t) =pl(r)p2>(t) ; p2>(t)=pe(t)U(t).
•oer+u(O•/OF)+•(O/Ot)•w(r,t) =p (r,t), We note that, in the new variables, the single x integration of Eq. 7 has been replaced by a double integration in wavenumber. This is the price one has to pay in order to achieve the desired classification of pressure fields. However, for simple structures under ideal boundary conditions, the mode-shape spectrum involves delta functions, so that one of the integrations becomes trivial. The appearance of a double k integration in Eq. 8 is a consequence of the finite spatial extent of the structure. 4 In general, structural discontinuities (e.g., beams attached to infinite plates, boundaries, etc.) always give rise to convolution integrals in wavenumber space. The physical meaning of this feature of spectral representations is that structural discontinuities act as "wavenumber convertors"; that is, a single wavenumber is scattered by a discontinuity into a spectrum of wavenumbers. 5 This point is worth noting, for it is of considerable conse-4 Indeed, in the case of infinite uniform structures, the Green's function is a homogeneous function of the spatial variables as well and the x' integration of Eq. 7 is a convolution integral. 
where A,=(16r'%w,•) -1. Note that the integrand in Eq. 8 is regular at k= --k'. However, when we write the k, k' integral as the difference of two integrals (Eq. 10), each has a simple pole on the contour of integration at k=--k' that gives rise to the principal-value definition in Eq. 12. That the function Am (y) must be defined as a principal-value integral can be seen by writing Eq. 7 as the difference of two integrals, inserting the explicit expression for pr.(x); upon transformation to the k variable, the integrand will involve the Fourier transform of a step function. Of course, in the evaluation of Eq. 10, the contributions from the poles on the contour cancel. The classification scheme adopted in this paper is based upon the analyticity of the input-function spectrum p(k,co). This property is sufficiently general to allow the grouping of different input functions into a class, and, yet, provides sufficient information for the calculation of the response. As a function of the complex variables k and w, the spectra p (k,w) fall into three main classes: those that have any number of poles of any order, those that have essential singularities, and those that have branch-point singularities. We consider the first class, that is, input functions whose spectra are • In letting k and •o be complex, it is assumed that the inputfunction and mode-shape spectra possess an analytic continuation in the complex plane. 
In the event that the pressure field is truncated in time at t• and vanishes in space outside the interval a< x< b, p(x,t) =pl,ab(X)p•,tl(t), pl,ab(X) =px(x)[S(x--a) --S(x--b)•, p•,t•(t)=p2>(t)S(tl--t). The wavenumber-
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These results are independent of the structural characteristics, save for the value of the constants For instance, in the case of a flat plate (Eq. 21), Eqs. 27 and 28 hold with n replaced by nm. This is a consequence of the form invariance of gn (t--t') with respect to the operator oer, which was noted in Sec. I, and of Eq. 6. The physical meaning of the poles v• is now clear. Consider Eq. 27. The first two terms on the right-hand side (the transient portion of the solution) represent damped oscillation that is controlled by the structural complex frequencies f•. All remaining terms (the steadystate solution) are in the form of a product of a constant, an exponential, and a polynomial in t. The location of the poles v• controls the type of exponential, while their order dictates the degree of the polynomial in t, viz., a pole in the first or second quadrants gives rise to a damped oscillating term, while poles on the imaginary axis correspond to damped motion without oscillation. The degree of the polynomial in t is one less than the order of the contributing pole. Table I summarizos The circumstance 4-[K/I = =Fkn corresponds to the matching of a particular wavelength in the excitation to the structural wavelength associated with the nth mode. It is to those spectral components of the excitation that the structure will respond most favorably. Note, however, that, in contrast to the resonance condition in the frequency domain, "resonance in wavenumber" gives rise to terms in the response that damp out exponentially with y or z; there is no. 
We write
p2> (t,a) = («){ exp[i(b-l-ia)t-]-l-exp[i(--b-l-ia)t-]} U (t),
so that, by comparison with Eq. 24, s=l, i=1, 2, ot1,1=ot2,1=l/2i, Vl--b-nt-ia, v•.=--b+ia. The inputfunction spectrum has two complex simple poles which, according to Table I , contribute to the response in the nth-mode damped oscillating terms. In particular, we immediately deduce, by substitution of the above constants in Eq. 27, the response solution: 
Of course, Eq. 37 would result if one were to substitute Eq. 36 in Eq. 5 and perform the indicated time integration. Consider, however, another pressure field given by p.
•>' (t,a') = exp (--a't) (t2q -1)cosbtU (t). We can use this example to illustrate the usefulness of the methodology developed here in two problem areas that arise in applications. First, let us suppose that p2>(t,a) is a field that can be produced in the laboratory and in which a structure is to be tested, while p2>' (t,a') represents the actual environment that the structure will encounter in operation. We ask: How well is the response simulated in the laboratory? To answer, we only need identify the singularities of the corresponding frequency spectra. With this information, we immediately deduce the difference in the two cases. For instance, we note from Eq. 39 that C,•(t,a), C•' (t,a') differ primarily by terms that damp out owing to dissipation in the structure and by terms which involve second-degree polynomials in t. We expect the latter to dominate for some range of t, particularly so at resonance. 
Similar
VI. CONCLUDING REMARKS
A methodology has been presented for the calculation of the response of linear structures to classes of pressure fields. The methodology is based on a classification scheme for the pressure fields according to the analyticity of the input-function wavenumber and frequency spectrum. This property is sufficiently general to allow the grouping of a host of input functions into a class. In particular, this paper has considered the class of input functions whose spectra are meromorphic functions of k and co. This class is by far the most common Specification of the analytic properties of the inputfunction spectrum provides sufficient information for the calculation of the response. Furthermore, one is able to bring to bear the powerful tool of contour integration and derive, with a single calculation, response solutions which are applicable to a host of input functions. To exemplify the methodology in its simplest application, we have considered here the response of simply supported beams and plates to nonconvecting deterministic excitation. The more complicated cases of nonconvecting and convecting random excitation are considered in subsequent papers of this series. 
It has been noted in
